Pharmaceutical clean rooms are subject to continuous environmental monitoring with respect to viable and nonviable contaminants, including a quantification of viable micro-organisms as well as their identification. The most frequently found micro-organisms from this specific habitat are Gram-positive cocci and spore-forming bacteria (Jimenez, 2007; Wu & Liu, 2007) . In order to adapt Fourier transform infrared (FTIR) spectroscopy as a technique for microbial species identification in the pharmaceutical industry, existing spectral reference databases (Oberreuter et al., 2002) were extended by including micro-organisms isolated from environmental monitoring programs (G. Rieser, S. von Brehmer, G. Schuffenhauer, S. Scherer, & M. Wenning, unpublished) . During the course of this study, strain WS4616
T was isolated in April 2009 and identified as being a hitherto unknown species of the family Propionibacteriaceae. During the following months, three additional strains, WS4617 (isolated from a German dessert milk product, October 2009), WS4623 and WS4624 (both isolated from the same Bavarian raw milk sample, January 2010) matched the FTIR spectrum of strain WS4616
T and their 16S rRNA gene sequences showed a very high similarity to that of strain WS4616 T . The family Propionibacteriaceae was described by Delwiche (1957) and emended on the basis of 16S rRNA gene sequence analyses by Stackebrandt et al. (1997) and later Zhi et al. (2009) . At the time of writing, this family comprised 15 genera with validly published names: Propionibacterium (Charfreitag et al., 1988; Orla-Jensen, 1909) , Luteococcus (Collins et al., 2000; Tamura et al., 1994) , Propioniferax , Microlunatus (Nakamura et al., 1995) , Friedmanniella (Schumann et al., (Maszenan et al., 1999) , Micropruina (Shintani et al., 2000) , Propionimicrobium (Stackebrandt et al., 2002) , Propionicimonas (Akasaka et al., 2003) , Brooklawnia (Bae et al., 2006b) , Propionicicella (Bae et al., 2006a) , Aestuariimicrobium , Granulicoccus (Maszenan et al., 2007) , Auraticoccus (Alonso-Vega et al., 2011) and Propioniciclava (Sugawara et al., 2011) . The aim of the present work was to determine the taxonomic position of strains WS4616 T , WS4617, WS4623 and WS4624 using a polyphasic approach including morphological, physiological, chemotaxonomic and phylogenetic analyses.
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Morphological features were observed after cultivation for four days on tryptone soy agar (TSA; Roth) at 30 u C. Cell shape, endospore production and motility were observed using phase-contrast microscopy (Laborlux S; Leitz). Gram-staining behaviour was examined as described by Gregersen (1978) and oxidase activity was tested using Bactident 1 Oxidase strips (Merck) according to the manufacturer's instructions. Catalase activity and the hydrolysis of starch, aesculin and casein were analysed according to the methods of Smibert & Krieg (1994) . Gelatin hydrolysis, indole production, nitrate reduction and the activity of arginine dihydrolase, b-galactosidase and urease were tested by using the API 20NE system (bioMérieux) according to the manufacturer's instructions. Substrate utilization tests were performed according to Schmidt et al. (2012) using ISP 9 medium (Shirling & Gottlieb, 1966) in combination with the API 50CH and API 20NE test strips (bioMérieux). Growth at different temperatures (6, 15, 28, 30, 37, 40 , and 45 u C) and NaCl concentrations [0, 1, 3, 5, 7, 8, 9, 10, 12 % (w/v) ] was tested in tryptone soy broth (TSB; l
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: 17 g tryptone, 3 g soya peptone, 2.5 g K 2 HPO 4 , 2.5 g glucose and 5 g NaCl, pH 7.2). The pH range was investigated at pH 4.0-10.0 (at intervals of 1.0 pH unit) using the buffer system described by Xu et al. (2005) and TSB as the basal medium. The ability to grow under anaerobic conditions was determined on TSA in an anaerobic jar containing the anaerobic catalyst Anaerocult A (Merck), which was prepared according to the manufacturer's instructions. Results are listed in the species description.
The phylogenetic position of strains WS4616 T , WS4617, WS4623 and WS4624 was determined by sequence analysis of the 16S rRNA and recA genes. Cell lysis was performed according to Büchl et al. (2008) using zirconia silica beads (0.1 mm; Roth). Almost complete 16S rRNA gene sequences were amplified by PCR as described previously (Oberreuter et al., 2002) using Thermo-Start Taq DNA Polymerase (Thermo Scientific) with a modified thermal program of 15 min at 95 u C, 35 cycles of 20 s at 95 u C, 40 s at 52 u C and 1 min 40 s at 72 u C, and a final extension step of 6 min at 72 u C. To confirm the genotypic distinction of strains WS4616
T , WS4617, WS4623 and WS4624 from taxa with validly published names and to evaluate further the relationship of the four strains to each other, we used the protein-encoding recA gene for additional phylogenetic analysis. For the amplification and sequencing of the recA genes, primers GPRA-UF2 and GPRA-UR2, designed by van Waasbergen et al. (2000) for amplifying recA genes of species of the genus Arthrobacter, were used. Cycle conditions for PCR were the same as described for 16S rRNA gene amplification, with the exception of the annealing temperature which varied between 63 u C and 69 u C. PCR products were purified using the GenElute TM PCR Clean-Up kit (Sigma-Aldrich) and sequencing was performed by GATC Biotech AG (Konstanz, Germany). The resulting sequences were aligned with CLUSTAL_X version 2.0 (Thompson et al., 1997) . Distance matrices of the multiple sequence alignments were calculated using TREECON software (Van de Peer & De Wachter, 1997) and rooted phylogenetic trees were constructed using the neighbourjoining method (TREECON). The values for sequence similarities among the most closely related strains were determined using the EzTaxon server (Chun et al., 2007) .
The almost complete 16S rRNA gene sequences of strains WS4616 T , WS4617, WS4623 and WS4624, each comprising 1407 nt, were identical with the exception of one nucleotide differing in strain WS4616
T at position 1243 (Escherichia coli numbering system, Brosius et al., 1978) . The phylogenetic tree based on 16S rRNA gene sequences revealed that the four strains formed a distinct lineage within the family Propionibacteriaceae, clustering with Propionicicella superfundia JCM 14922 T , Propionicimonas paludicola JCM 11933 T and Micropruina glycogenica JCM 10248 T ( Fig. 1 ).
All signature nucleotides of the 16S rRNA gene sequences of strains WS4616 T , WS4617, WS4623 and WS4624 were in accordance with those determined for the family Propionibacteriaceae by Stackebrandt et al. (1997) , thus confirming the position of the strains within this family. In contrast, differences were found at positions 827(U), 828(A), 832 : 854(G-U), 833 : 853(U-G) and 844(A) of the 16S rRNA gene sequence between the four strains and the signature nucleotides for the family Propionibacteriaceae determined by Zhi et al. (2009) to be C, U, U-C, G-U and U, respectively. However, the data published by Zhi et al. (2009) were deduced from an erroneous alignment result for this family, which will be amended in an upcoming revised version of the publication (X.-Y. Zhi, personal communication).
16S rRNA gene sequence similarity values between strains WS4616
T , WS4617, WS4623, WS4624 and the type species of all genera belonging to the family Propionibacteriaceae were 89.2-94.1 %. The species showing the highest 16S rRNA gene sequence similarity to the four novel strains were Microlunatus panaciterrae DSM 18662 T (95.1-95.2 %), Microlunatus ginsengisoli DSM 17942 T (94.5 %) and P. paludicola JCM 11933 T (94.1-94.2 %). However, a neighbour-joining phylogenetic analysis (Fig. 1) revealed that the four strains probably do not belong to the genus Microlunatus, but rather to the Propionicimonas branch of the Propionibacteriaceae.
The recA gene sequence analysis of the four strains based on the comparison of 815 nt showed identical sequences for strains WS4617, WS4623 and WS4624, and a recA gene sequence similarity of 99.3 % (six differing nucleotides) for these strains to strain WS4616
T . Phylogenetic analysis comparing the recA gene sequences of the four novel strains to the type strains of the type species of closely related genera also revealed a distinct lineage for the four strains (Fig. 2) of cell-wall peptidoglycan, polar lipids and whole cell sugars was obtained by cultivation in TSB in shaking flasks (150 r.p.m.) at 30 u C for 2 days. The DNA G+C content was determined for strain WS4616 T (67.7 mol%) by using HPLC as described by Mesbah et al. (1989) . Analysis of the cell-wall peptidoglycan was performed according to Rhuland et al. (1955) , Schleifer (1985) , Schleifer & Kandler (1972) and MacKenzie (1987) . The cell-wall peptidoglycan of strain WS4616
T was of the type A3c (LL-DAP-Gly), containing LLdiaminopimelic acid (DAP), alanine, glycine and glutamic acid in a molar ratio of 1.0 : 1.7 : 0.9 : 0.5. This is different from members of the genera Propionicicella, Propionicimonas and Micropruina, which contain the diamino acid meso-DAP (Table 1) .
Whole cell sugars were determined from lyophilized cell mass. Cells were hydrolysed with 0.5M H 2 SO 4 at 100 u C for 2 h and the sulphuric acid was removed by extraction with 20 % N,N-dioctylamine in chloroform (Staneck & Roberts, 1974; Whiton et al., 1985) . The sugars were then analysed by thin layer chromatography on cellulose plates according to Staneck & Roberts (1974) . Ribose, mannose, arabinose, glucose and galactose were detected. Polar lipid analyses were carried out by the Identification Service of the DSMZ and Dr Brian J. Tindall (DSMZ). Lipids were extracted from freeze-dried cells using a choroform/methanol/0.3 % aqueous NaCl mixture (modified after Bligh & Dyer, 1959) and analysed by 2-dimensional thin layer chromatography according to Tindall et al. (2007) . The polar lipid pattern included diphosphatidylglycerol and phosphatidylglycerol as the major components and an unknown phospholipid and four unknown glycolipids as minor polar lipids (Fig. S1 , available in IJSEM Online).
For cellular fatty acid analyses, cells were cultivated on TSA plates for 24 h at 28 u C according to the instructions of the Microbial ID system. In order to ensure a similar Propionicicella superfundia DSM 22317 T (FR837947)
Micropruina glycogenica DSM 15918 T (FR837948)
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Naumannella halotolerans WS4616 T (FR832431)
Naumannella halotolerans WS4617 (FR832432)
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Kribbella flavida DSM 17836 T (CP001736) Fig. 2 physiological age of the cells of different strains subjected to the analyses, a particular sector of the quadrant streak containing a similar amount of growth was chosen for harvesting cell material. Extraction and analysis of fatty acids was performed by the DSMZ as described previously (Verbarg et al., 2008) using an Agilent 6890N gas chromatograph and version 6.1 of the Sherlock MIS software (MIDI Inc.) with the TSBA6 database. The predominant cellular fatty acid of strain WS4616 T was anteiso-C 15 : 0 (77.3 %). Other fatty acids detected in significant amounts were anteiso-C 17 : 0 (7.4 %), iso-C 16 : 0 (6.8 %) and iso-C 15 : 0 (5.5 %). The complete fatty acid profile and a comparison to those of the type species of the genera Propionicicella, Propionicimonas, Microlunatus, and Micropruina are given in Table S1 .
Respiratory quinones were determined by the Identification Service of the DSMZ and Dr Brian J. Tindall (DSMZ) from lyophilized cell mass that was produced by the DSMZ shortly before the analysis which was performed according to Altenburger et al. (1996) . 24 % of the menaquinones detected were assigned to MK-8(H 4 ) and 76 % to MK-9(H 4 ). The detection of MK-8 is a clear difference to the type species of the genera Propionicicella, Propionicimonas, Microlunatus, and Micropruina which contain either only MK-9 (Propionicicella, Microlunatus, and Micropruina) or MK-9 and MK-10 (Propionicimonas) as the main respiratory quinones (Table 1) .
With respect to chemotaxonomic features and phenotypic traits (Table 1) , strain WS4616
T could be clearly distinguished from closely related genera, with the genus Microlunatus exhibiting the most similarities, e.g. in peptidoglycan and G+C content. The major difference to the genus Microlunatus is the absence of MK-8(H 4 ) in members of the genus Microlunatus. The distinct position of strains WS4616 T , WS4617, WS4623 and WS4624 is furthermore supported by the phylogenetic studies of the 16S rRNA and recA gene sequences which, in the case of the 16S rRNA gene sequences, were also most similar to members of the genus Microlunatus.
The four strains were isolated from three different sources on three different dates within a period of ten months. The type strain WS4616 T , representing the first isolate found, shows minor differences in 16S rRNA and recA gene sequences to the other three strains; the latter are identical in both gene sequences. All four isolates exhibited similar physiological characteristics, only displaying differences in the hydrolysis of aesculin (only strain WS4617 was weakly positive), urease activity (only strains WS4616
T and WS4617 were positive), assimilation of D-lyxose (only utilized by strain WS4616 T ), N-acetylglucosamine, lactose and Lrhamnose (only utilized by strains WS4617, WS4623 and WS4624) and growth at 40 uC (only strain WS4616 T did not grow) (Table S2) . This phenotypic similarity, in combination with the molecular data, led to the conclusion that all four isolates belong to the same species, but represent three different strains. Isolates WS4623 and WS4624 are most probably clonal, as no differences in physiological and genetic data were observed and they were isolated from the same raw milk sample.
Based on the data presented, strains WS4616 T , WS4617, WS4623 and WS4624 are considered to represent members of a novel species of a new genus within the family Propionibacteriaceae, for which the name Naumannella halotolerans gen. nov., sp. nov. is proposed.
Description of Naumannella gen. nov. Naumannella (Nau.man9nel.la. N.L. fem. dim. n. Naumannella named in honour of Dieter Naumann, former head of biomedical spectroscopy at the Robert Koch-Institute, Berlin, a pioneer in the development of FTIR spectroscopy for the identification of micro-organisms).
Cells are Gram-stain-positive, non-motile, non-sporeforming, aerobic cocci. The cell wall peptidoglycan is of the type A3c (LL-DAP-Gly), containing LL-DAP, alanine, glycine and glutamic acid. The major cellular fatty acid is anteiso-C 15 : 0 , and the major polar lipids are diphosphatidylglycerol and phosphatidylglycerol. Minor polar lipids are an unknown phospholipid and four unknown glycolipids. The whole cell sugar pattern includes ribose, mannose, arabinose, glucose and galactose. The major menaquinones are MK-8(H 4 ) and MK-9(H 4 ).
Phylogenetically, the genus Naumannella is a member of the family Propionibacteriaceae within the suborder Propionibacterineae of the order Actinomycetales. The type species is Naumannella halotolerans.
Description of Naumannella halotolerans sp. nov. Naumannella halotolerans (ha.lo.to9le.rans. Gr. n. hals halos salt; L. part. adj. tolerans tolerating; N.L. part. adj. halotolerans salt-tolerating).
The characteristics are the same as those described for the genus with the following additions. Colonies on TSA are circular, pale yellow and up to 1 mm in diameter after 4 days incubation at 30 u C. Cell diameter is 1.0-1.3 mm. The temperature, pH and NaCl ranges for growth are 15-37 uC (15-40 uC for strains WS4617, WS4623 and WS4624), pH 6-8 and 0-10 % (w/v) NaCl. Positive result in tests for oxidase, catalase, b-galactosidase and starch hydrolysis, but negative result for nitrate reduction, indole production, arginine dihydrolase and hydrolysis of casein and gelatin. Aesculin is weakly hydrolysed only by strain WS4617. Urease activity is observed only for strains WS4616 T 
